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It has been demonstrated repeatedly that rats develop renal damage when 
injected with serum from rabbits immunized against rat kidney tissue.  Renal 
damage has  also  been produced  in  rabbits,  dogs,  and  guinea  pigs by  serum 
from animals of another species, usually rabbits or ducks, immunized against 
kidney tissue from the recipient species. Recent interest in this method of pro- 
ducing  experimental  nephritis  by means  of  antikidney  serum produced  in  a 
different species stems largely from the work of Masugi  (1)  in  1933  and that 
of Smadel and coworkers (2, 3) in 1936 and subsequently. 
A variety of techniques of immunization have been employed for production of 
nephrotoxie antisera. For this purpose, the majority of workers have injected whole 
kidney homogenates, or suspensions containing at least a certain amount of particulate 
material. Repeated intraperitoneal injections usually have been utilized,  though some 
investigators have employed intramuscular injections with adjuvants (4, 5). 
The renal disease produced by injections of nephrotoxic antisera differs somewhat 
according  to  the  animal  species  employed. Rabbit antiserum  given  intravenously 
usually has produced immediate proteinuria (3, 6), while avian antiserum has been 
observed in many cases  to produce renal damage which  makes its appearance only 
after a latent period of several days (4, 7). The renal disease produced by avian or 
rabbit antiserum has been described  as one resembling  acute or chronic glomerulo- 
nephritis in rabbits (1),  rats (8), and dogs  (9).  Other workers have emphasized the 
occurrence  of a  chronic disease  with the  characteristics of the nephrotic syndrome 
(10) in rats. 
A belief  that the antigen responsible  for the production of nephrotoxic serum  ~ is 
specifically  localized  in  the  renal  glomeruli  has  received  considerable  attention  in 
recent years (11-14).  The concept that the glomeruli constitute the important source 
of the antigen is attractive on a  theoretical basis since it is generally believed  that 
the  damage .in  clinical  nephritis  and  the  nephrotic  syndrome is  primarily in  the 
glomemli.  Krakower  and  Greenspon  (5)  have  emphasized  the  occurrence  of  the 
antigen in the basement membranes of the glomerular tufts. Another impression  that 
x  For the sake of brevity,  the antigen capable of inducing the formation of nephrotoxic 
antibodies will be referred to in the following sections as nephrotoxic serum antigen. 
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has gained wide acceptance is that the antigen is insoluble and resists extraction by 
ordinary, means  (15,  16).  However, evidence of solubility under  certain conditions 
has been presented (17). 
In contrast to the observations emphasizing the presence of the nephrotoxic serum 
antigen in the kidney and particularly in the glomerular basement membrane, several 
observers have found tissue from other organs effective in stimulating the formation 
of nephrotoxic antibodies (2,  18-20). Others have noted the localization of labelled 
antikidney serum in organs other than the kidney (21, 22). Studies on the localization 
of labelled antisera have led to the suggestion that there are antigens in common in 
the  blood vessels (23,  24)  and  in basement membranes, reticulum and  other con- 
nective tissue elements (25)  of various organs including the kidney. To what extent 
these  antigens  are  identical with  those  which  stimulate formation of nephrotoxic 
antibodies is difficult to determine. Apparently there have been few studies on species 
specificity of nephrotoxic serum antigens and antibodies. 
The present report is concerned with these questions of the distribution in 
renal and extrarenal tissues of the antigen(s) responsible for the producton of 
serum  nephrotoxic  for  the  rat  and  with  questions  of  its  organ  and  species 
specificity. We have  attempted a  quantitative  estimation of the nephrotoxic 
serum  antigen  content  of  a  variety of  tissues  under  comparable  conditions, 
using two different tests for evaluation of the amount of the antigen present. 
The  characterization of a  soluble protective factor derived from  nephrotoxic 
serum  antigen  by  enzymatic  digestion of  kidney  tissue  is  considered  in  the 
following report (26). 
EXPERIMENTAL 
Methods and Materials 
Testing of  Tissue  Preparations for  Content of Nephrotoxic Serum  Antlgen.--Rat  tissue 
preparations were tested for content of the antigen capable of inducing formation in rabbits 
of antibodies nephrotoxic for the rat: (a) by absorbing standard nephrotoxie (antirat kidney) 
serum with the tissue preparations and subsequently assaying the absorbed serum in rats to 
determine whether the absorbed serum had lost its ability to produce proteinuria, and (b) 
by injecting the tissue preparations into normal rabbits and then assaying the rabbit serum 
in rats for ability to produce proteinuria (i.e., for the presence of nephrotoxic antibodies). 
(a) Production of Standard Nephrotoxic Rabbit Serum.--The standard pooled nephrotoxic 
antirat kidney serum used in absorption tests for the antigen throughout most of the present 
study was produced by repeated intraperitoneal injections of a glomeruli-rich fraction of rat 
kidney homogenate into young adult male New Zealand white rabbits. The kidney tissue was 
obtained from large Osborne-Mendel rats under ether anesthesia, after the kidneys had been 
perfused v/a an aortic canula with about a liter of saline. After stripping away capsules and 
ureters, the medullary tissue was removed  and preserved for later use. The cortical tissue 
was then mashed in a large glass homogenizer, suspended in saline and the glomeruli removed 
by centrifugation at a slow rate according to the technique of Solomon et al. (11). Ordinarily, 
no effort was made to obtain preparations of pure glomeruli, but the volume of non-glomerular 
tissue present was considerably reduced. Each rabbit employed for the production of nephro- 
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derived from 1.5 gin. of rat renal cortical tissue, 2 or 3 times a week for 3 weeks. Whole kidney 
homogenate or cortical homogenate, 0.5 gin. injected 2  times weekly for 3 weeks, also was 
employed in the production of nephrotoxic antiserum. Ten days after the last injection the 
rabbits were bled by cardiac puncture. This immunization and bleeding procedure, extending 
over a period of approximately 1 month, was repeated from 3 to 6 times in each rabbit. The 
sera were usually more potently nephrotoxic after 2 or 3 immunization periods than after the 
first.  They often became less nephrotoxic but more toxic in other respects after 4  or 5  or 
more periods.  The individual sera at each bleeding were tested by injecting portions intra- 
venously into normal  150 gin. female rats.  The  sera which produced  at  least a  moderate 
degree of sustained proteinuria after a  single intravenous injection of  1.5  ml. or less, and 
which did not produce other evidence of toxicity, were pooled, and the pool was assayed in 
rats, diluted to standard potency if necessay, and frozen in 15 ml. vials. A 1.5 ml. dose of the 
standard nephrotoxic serum preparation was twice the amount found necessary to produce 
proteinuria. 
(b)  Preparation  of Tissue Homogenates to be Tested for  Presence of the Antigen.--In  the 
preparation of rat tissue homogenates to be tested for ability to absorb nephrotoxic antibodies 
from  standard  antiserum  or  to  stimulate  production  of  nephrotoxic antibodies,  care  was 
taken to grind thoroughly all of the components of the tissue including the blood vessels and 
other tough fibrous components. An effort was made to avoid great variation from one tissue 
to another in the size of the tissue particles. To accomplish these objectives, the perfused 
tissues were frozen in a  watch glass over solid carbon dioxide, shaved into very thin slices, 
and then minced with a sharp blade. The minced material was then ground in a Potter type 
homogenizer or in a  Waring blendor. Perfused tissues which retained large amounts of per- 
fusate (e.g. lung) were freed of excess saline by centrifugation before measuring aliquots. 
(c)  Testing  of Tissue Preparations for Ability to Absorb Nephrotoxic  Antibodies.--Iu  order 
to  test a  tissue homogenate or  extract for ability to  absorb  ~ nephrotoxic antibodies from 
antiserum, the desired amount of the test material was diluted ff necessary to a  volume of 
2.0 ml. with saline and mixed with the standard 1.5 ml. dose of nephrotoxic antiserum (twice 
the amount necessary to produce proteinuria). This mixture was then incubated at 37  ° for 
5 minutes, or for 15 minutes with stirring in the case of a homogenate which contained in- 
soluble material. After centrigugation, the supematant fluid was assayed in the rat for nephro- 
toxicity as described below under assay of serum for nephrotoxicity.  When the material to be 
tested was a  tissue homogenate containing appreciable amounts of insoluble residue, it was 
necessary to  increase the amounts of tissue homogenate and antiserum proportionately in 
order to afford 3.5 ml. of supernatant fluid for injection. The material injected in the assay 
always consisted of a  total volume of 3.5 ml. of soluble material containing 1.5  ml. of the 
standard antiserum minus any absorbed antibodies. 
(d)  Testing of Tissue Preparations for Ability to Stimulate Production of Nephrotoxie Serum 
in Rabblts.--Kidney  fractions and tissues from other rat organs to be tested for ability to 
induce  the formation of  antirat  kidney  antibodies  (i.e.  for  content of  nephrotoxic serum 
antigen) were prepared as already described and injected into rabbits in quantities of 0.5 gin. 
of tissue twice weekly for 3 weeks. The antiserum obtained 10 days after the last injection 
was assayed for nephrotoxicity in rats as described in the section below, after each of 3 suc- 
cessive immunization periods. 
The term "absorb" is used here to indicate removal, neutralization, or destruction of the 
nephrotoxic properties  of  the  serum.  A  precipitate  could  usually  be  demonstrated  when 
soluble preparations containing the antigen were mixed with nephrotoxic serum. However, 
since other antigens and antibodies undoubtedly were present, there was no assurance that 
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The immunization method was a much more time-consuming test for the presence of antigen 
than the absorption method described above. In the present study the results with the two 
methods were encouragingly similar. 
Assay of Serafor Nephrotoxicity.--In three procedures described in the sections above1 (a) 
the standardization  of nephrotoxic serum,  (b)  the testing of tissue preparations for ability 
to absorb  nephrotoxic antibodies from standard  nephrotoxic serum,  and  (c)  the testing of 
tissue preparations  for ability to produce nephrotoxic antibodies in rabbits,  the final step 
consisted  of  an  assay  of  serum  from  immunized  rabbits--absorbed  or  unabsorbed--for 
nephrotoxicity. For this assay, female Osborne-Mendel rats weighing approximately 150 gin. 
were used. Assays were done at least in duplicate. The sera to be assayed were injected into 
the leg vein of the rat.  The urine was collected overnight and quantitative determinations 
of protein content were made as described in the next section below. In the standardization of 
pooled nephrotoxic serum, graded doses of from 0.25  to 1.5 ml. of the serum were injected. 
In absorption tests for antigen, 1.5 ml. aliquots of standard nephrotoxic serum after absorption 
against the tissue preparation to be tested were injected. In testing rabbit sera for nephro- 
toxicity after immunization with various rat tissues, doses of 1.5 ml. were injected initially. 
When proteinuria did not result from a single injection in the latter experiments, daily injec- 
tions of 1.5 ml. of serum were given to additional rats on 2 or, if necessary, 3 successive days. 
Each dose of serum in all cases was diluted to 3.5 ml. before injection. 
Examination of Rats for Pro~einuria.--After injections of sera to be assayed, the injected 
rats were placed in individual metabolism cages and provided ad libitum with a solution con- 
taining sucrose 80  gin., salt-free acid hydrolysate of casein 20 gln., Wesson's salt mixture 
4  gin., water-soluble vitamins in proportion  to  solids  (27),  choline chloride 0.3  gin.,  and 
tryptophane 0.15  gin. per liter. Urine collections were carried out overnight for a period of 
approximately 17 hours on the 1st,  2nd, and 7th days after injections. The collections often 
were continued at weekly intervals thereafter. The animals usually drank a  volume of the 
fluid mixture in the neighborhood of 50 ml. This provided the animals with an adequate diet 
without  contamination  of the  collections with  dietary  protein,  and  insured  a  large urine 
volume which greatly facilitated quantitative collections. 
Protein determinations on the urine were done by the method of Shevsky and  Stafford, 
as modified by MacKay described in reference 28, after clearing the urines by centrifugation. 
A control albumin solution was run with each determination, and the method was checked 
from time to time with the biuret method  (29).  The amount of protein in milligrams per 
hour was calculated in the case of each urine collection. 
RESULTS 
Effects of the Standard Nepkroloxlc Serum.--The urine of normal control rats 
similar  to  those  used  for  serum  assays  usually  contained  0.2  to  0.3  mg.  of 
protein  per  hour.  Occasional  controls  excreted  as much  as 0.7  rag.  of protein 
per hour  but  a  level of  1  rag.  per hour  or greater  was  never observed.  In  24 
rats  injected  on  3  successive  days  with  1.5  ml.  of  normal  rabbit  serum,  the 
average  urinary  protein  content  was  exactly  the  same  as  in  9  normal  rats 
receiving no  injections  at  all. These  two  groups  taken  together  are  tabulated 
as normal controls in Table I. 
In  rats  receiving  1,5  ml.  of  standard  nephrotoxic  serum  alone  (nephroto~c 
serum controls), the protein in the urine was increased on the average to above 
7  mg.  per  hour.  The  amount  of  protein  in  the  urine  of  individual  animals 
varied widely but  almost invariably was  several milligrams per hour or more. JAMES H.  BAXTER AND HOWARD C.  GOODMAN  471 
The abnormal proteinuria started promptly after injections of the antiserum, 
without a latent period. The urinary protein decreased to normal over a period 
TABLE I 
Effects  in  Rats  of Standard  Nephrotoxic  (Anti-Rat  Kidney)  Serum  after  Absorption  against 



















Proteinuria  produced in 
rats by treated 
Serum absorbed  against  antiserum 
Ist  2nd  7th 
day  day  day 
gin.  rag./hr,  mg./kr,  reg.~lit. 
--  (normal controls)  --  33  0.2  0.2  0.3 
-- (nephrotoxic serum controls)  --  63  7.8  7.7  7.9 
Whole kidney  0.5  5  (2.6)  0.2  0.1 
....  0.25  8  1.0  0.3  1.1 
"  "  0.13  8  3.8  1.0  0.8 
"  "  0.06  4  6.4  2.6  1.8 
Quantity  No. of 
of tissue  rats  used 
employed  in  assay 
Whole kidney (boiled)  0.5  4  5.6  6.9  8.4 
Glomeruli  0.4  5  0.3  0.2  0.2 
"  0.2  3  0.6  0.7  0.8 
"  0.06  3  1.5  1.6  0.9 
"  0.03  3  6.3  5.7  7.4 
Cortex (glomeruli removed)*  0.5  2  (4.4)  0.4  0.3 
Medulla  0.8  2  0.5  0.3  02 
"  0.5  14  0.4  0.3  0.3 
"  0.25  11  2.0  2.4  1.8 
"  0.13  4  2.7  2.8  2.7 
Rabbit kidney  0.5  4  5.5  6.5  6.9 
Dog  "  1.0  4  11.6  9.3  11.5 
Mouse  "  1.0  4  (8.1)  0.2  0.2 
"  "  0.5  3  8.9  0.7  0.3 
Figures in italics are  thought  to indicate complete or 
text for discussion of elevated values in parentheses. 
* This preparation may have contained soluble material 
almost complete protection.  See 
from the glomeruli. 
of a  few weeks in some animals. In the majority of animals, the proteinuria 
persisted for months, or  throughout  the  lifetime of  the  animal. The  disease 
had  the  characteristics  of  the  nephrotic syndrome, with  clinical and patho- 
logical features similar to  those described by Smadel and Farr (3),  and Hey- 
mann and Lurid (10). Renal function was usually adequate in the early periods, 472  NI~PItROTOXIC  SERLr~  NEPHRITIS  IN  RATS.  I 
but scarring of the kidneys, hyalinization of glomeruli, and renal  insufficiency 
developed over a period of months in animals which did not recover. The kidneys 
were enlarged during both early and late stages of the disease. 
Absorption  of Nephrotoxic Antibodies  by  Various Fractions of Kidney and Other 
Organs of the Rat 
(a) Anatomic Fractions of Kidney. 
Preparation  of glomeruli and of cortex with glomeruli removed were carried out according 
to the technique  of Solomon et al. (11). In an effort to free the latter preparation  of any 
glomerular contaminant,  it was centrifuged for 5 minutes in a size 2 International  centrifuge 
at 1500 R.P.M. and the sediment which contained small fibrous fragments  and  some of the 
cells and nuclei was discarded. Thus the final preparation  of cortex with glomeruli removed 
was not only as free as possible of glomerular material but had lost blood vessels and tubular 
basement  membranes.  On  the  other  hand,  this  preparation  may have  contained  soluble 
material from the glomeruli. 
In the preparation of medullary tissue, frozen kidneys were cut into quarters by longitudinal 
and  transverse  sections. The medullary  tissue  was then  quickly  excised as  generously as 
could be done without danger of contamination with glomeruli. Each small pool of medullary 
tissue was mashed in a glass homogenizer with a poorly fitting pestle and examined micro- 
scopically for the presence of glomeruli. The preparations  used were never observed to con- 
tain glomeruli. In the preparation  of cortical tissue with glomeruli removed, and medullary 
tissue, the major objective was to obtain fractions which were free of glomeruli rather than 
to achieve a strict anatomical separation between cortex and medulla. 
The  results  in Table  I  show  that  when  the  standard  nephrotoxic  anti-rat 
kidney  serum  was  absorbed  against  approximately  0.25  gm.  of  whole  rat 
kidney  homogenate,  the  nephrotoxic  antibodies  were  neutralized,  and  the 
serum  no  longer  produced  abnormal  degrees  of  proteinuria.  Qualitatively 
similar  results  were  obtained  with glomeruli,  cortex  with glomeruli  removed, 
and  medulla.  The  results  obtained  with  different  quantities  of  the  various 
fractions presumably provide a  rough measure  of the  relative  concentrations 
of nephrotoxic serum antigen in the various fractions. Thus the concentration 
of the antigen appears to be greatest in the glomeruli, but the antigen is present 
in substantial  amounts even in medulla.  The ability  of the  tissues  to absorb 
nephrotoxic  antibodies  was  destroyed  by  boiling.  Kidney  tissue  from  the 
rabbit  or  dog  was  completely  ineffective  in  absorbing  the  antibodies  which 
produce proteinuria in the rat. Mouse kidney will be discussed later. 
It may be noted in Table  I  that  rats  in certain groups receiving absorbed 
serum  excreted  abnormal  amounts  of protein  on the  1st  day but  not on the 
2nd  and  7th  days.  While  this  phenomenon  may indicate  in  some  cases  the 
presence of a small amount of free nephrotoxic antibody in the injected material, 
we believe in other cases it may have been the result of injecting some unknown 
substance  from the  tissue  homogenate  (kidney and  lung).  This  impression  is 
based  on  the  observation  that  proteinuria  on  the  1st  day  was  sometimes 
greater  when  a  larger  amount  of protective  (antigen-containing)  tissue  was JAMES  H.  BAXTER  AND  HOWARD C.  GOODMAN  473 
used  for  absorption  against  the  anti-serum  than  when  a  smaller  amount  of 
tissue  was  employed.  Whatever  the  explanation  of  this  phenomenon,  the 
results  on the  2nd  and  7th  days were considered  of greater  significance than 
those on the 1st day. 
(b) Saline-Soluble Fractions. 
Whole kidney tissue was homogenized with an equal volume of saline for 3 minutes in a 
Waring blendor at 2°C. This homogenate was separated  into soluble and insoluble portions 
by centrifugation  at 65,900 g for  1 hour.  Soluble and  insoluble portions  of renal  cortex, 
cortex with glomeruli removed, medulla, and of liver and skeletal muscle were prepared  in 
a similar manner. It was assumed that any soluble material was homogeneously distributed 
in supernatant  fluid and residue (i.e., that when i gin. of tissue was homogenized with 1 ml. 
of saline, 1 ml. of supernatant  fluid was assumed to contain the soluble material from 0.5 gin. 
of tissue). Since 2 ml. of supernatant  fluid--the maximum volume employable in our standard 
absorption-assay procedure---contained the soluble material from only 1 gm. of tissue, it was 
often necessary or desirable to concentrate this soluble material by dialysis and lyophilization. 
The results  of absorbing  nephrotoxic  serum  with  saline-soluble  portions  of 
tissues  are  summarized  in  the  first part  of Table  II. In general,  the material 
extracted  from about  1 to  1.5  gin.  of the various anatomic fractions of renal 
tissue  was able  to inactivate  a  standard  dose of nephrotoxic serum.  Material 
extracted  from  comparable  amounts  of  liver  was  without  protective  effect. 
The soluble protective material is assumed to be whole antigen; as noted later, 
it is  capable of stimulating  production of nephrotoxic  serum.  It did  not pass 
through cellophane and was destroyed by heating  to 100°C. Thus,  it appears 
that  the  nephrotoxic  antigen  does  not  remain  wholly in  the  insoluble  tissue 
residue but is soluble to some extent in saline. 
(c) Saline-Insoluble Fractions. 
The residues obtained from the homogenates as described in the section above were washed 
free of soluble material by resuspension in saline and centrifugation at 65,900 g. 
Only a  portion  of the  nephrotoxic  antigen  was  extracted  from renal  tissue 
by saline as shown by the results with insoluble residues in the lower portion 
of Table II. The insoluble residue from 0.5 gin. or less of whole kidney, glom- 
eruli,  or medulla  afforded protection  against  a  damaging dose of nephrotoxic 
serum.  Residue  (particulate  matter)  from  cortical  tissue  from  which  the 
glomeruli, blood vessels, and tubular basement membranes had been removed 
did  not  neutralize  nephrotoxic  serum.  This  suggests  that  little  antigen  is 
present  within  the renal parenchymal cells or else  that it is largely soluble in 
this location. 
(d) Other Organs. 
Nephrotoxic antiserum was absorbed with 0.5 gm. of homogenates of various other organs 
in addition to kidney and with liver stroma. Because the supernatant fluid from homogenates 474  NEPHROTOXIC  SERUM  NEPHP,/TIS  IN RATS.  I 
of lung and adrenal contained soluble toxic substances, the homogenates were dialyzed against 
distilled water,  or, more often,  the insoluble residues were separated  by centrifugation  and 
employed in the absorption  tests without the supernatant  material Liver stroma  was pre- 
pared by gently forcing liver tissue through  a 50 or 100 mesh screen and collecting the blood 
TABLE II 
Effects in Rats of Standard Nephrotox#, (Anti-Rat Kidney) Antiserum after Absorption against 








Serum absorbed against: 
Extract of whole kidney 
Extract of cortex 
Extract of medulla 





Residue of whole kidney 
Glomeruli (washed) 
Particulate matter from cortical tubular 
cells 
























8  7.7  4.8  5.6 
2  O.Z  O.Z  O.Z 
4  O.Z  O.Z  O.Z 
3  0.5  0.7  0.6 
2  4.5  5.4  5.2 
vessels and connective tissue which remained  on the screen. The stroma  was then freed of 
loose parenchymal  cells by washing with saline. Approximately  10 gm. of liver was required 
to produce 0.5 gm. of packed stroma. 
Of the various organs studied  (Table III) only lung and placenta were able 
when employed in quantities of 0.5 gm. or less to absorb completely the nephro- 
toxic  antibodies  from  standard  nephrotoxic  serum.  Liver,  serum,  red  bbod JAMES  H.  BAXTER  AND  HOWARD C.  GOODMAN  475 
TABLE III 
Effects in Ra~ of Standard Nephrotoxlc (Anti-Ra~ Kid.ey)  S~m  after Absorption agai.zt 










































Red blood cells 
Dog muscle 
"  heart 
i 
Prote~a pr~uced by treat~ 
Quantity of  No. of  antise~ 
tissue  ~p~y~  ra~ 
Ist day  2nd day  7~ day 
gin.  mg./~,  mg.~.  mg./kr. 
o.2s  4  1.1  1.z  0.4 
o.s  4  (1.4)  o.s  o.z 
o.s  8  ~.9)  o.z  0.4 
0.5  4  4.8  3.1  1.4 
1.0"  2  0.4  0.3  0.2 
0.5  7  4.6  3.1  1.6 
1.0  3  0.3  0.3  0.2 
0.5  11  3.9  2.3  1.7 
1.0  6  1.2  0.7  1.0 
0.5  4  9.6  4.1  5.4 
1.0  4  2.3  0.5  0.2 
0.5  4  3.3  3.5  2.3 
0.5  4  9.6  6.4  3.8 
0.5  4  5.8  6.4  7.1 
0.5  4  8.2  8.0  8.1 
1.0  4  4.7  3.9  2.3 
0.5  2  8.5  6.6  8.0 
0.5  3  8.2  6.2  8.6 
0.5  4  8.8  7.2  11.7 
0.5  4  7.2  9.8  19.2 
1.0  3  4.9  7.8  7.1 
1.0  4  11.9  6.8  3.9 
4.0  2  10.0  9.6  6.6 
2.0  2  8.9  5.2  9.9 
1.0  2  3.5  5.3  6.8 
1.0  2  5.3  5.7  8.3 
* This preparation was toxic, causing death within 12 hours of most of the rats that re- 
ceived it. Some of the other preparations were less consistently toxic. 476  NEPHROTOXIC  SEE~  NEPHRITIS IN RATS.  I 
cells, brain, heart, spleen, adrenal, ovary, skin, aorta, pharynx, skeletal muscle, 
and ileum were ineffective or only slightly effective at the 0.5 gm. level. How- 
ever, when employed in quantities of 1 gin., protection was afforded in addition 
by heart,  intestine,  liver stroma,  and muscle. These results  suggest  that  the 
antigen is present in small amounts in many tissues. It may be present in all 
tissues of the rat, though none of the organs listed below muscle in Table III 
produced definite protection as tested. 
Because  of  the  suggestive  evidence  already  referred  to  that  the  antigen 
capable of stimulating formation of nephrotoxic antibodies may be shared by 
blood vessels, basement membranes and  other  supporting  tissues  of various 
organs,  liver  stroma  was  tested  for  ability  to  absorb  the  nephrotoxic  anti- 
bodies. This preparation in 0.5  gm. quantities,  in spite of its large content of 
blood vessels, was not able to remove the nephrotoxic antibodies from a stand- 
ard dose of nephrotoxic serum. When the quantity of liver stroma was doubled, 
the  nephrotoxic antibodies  were largely removed, indicating  the  presence in 
the stroma of a greater concentration of antigen than is present in whole liver. 
That the removal of nephrotoxic antibodies in the absorption studies is the 
result of a specific antigen-antibody reaction and not a non-specific adsorption 
is indicated by several observations: (a) the ineffectiveness of tissues from the 
dog in absorbing the antibodies nephrotoxic to the rat,  (b)  the ineffectiveness 
of rat  tissue after boiling,  (c)  the  effectiveness of extracts and digests of rat 
tissue which are free of particulate matter, and (d)  the similarity of results of 
absorption studies and those of immunization studies discussed in the follow- 
ing section. 
Production of Serum Nephrotoxic for the Rat by Immunization of Rabbits with 
Various Fractions of Kidney and Other Tissues from the Rat 
In order to test the ability of rat tissue preparations to stimulate the production of anti- 
bodies nephrotoxic for the rat the homogenized preparations were injected into rabbits twice 
weekly for 3 periods of approximately a month each, as described under Methods, Production 
of Standard  Nephrotoxic Rabbit Serum. The tissue preparations were compared in most 
cases on the basis of 0.5 gin. of tissue per injection. In the case of the impure glomeruli, about 
0.5 gin. of concentrated material derived from 1.5 gm. of kidney tissue was employed. Each 
injection of saline extract of kidney contained the soluble material from about 3 gm. of tissue, 
and the residue (particulate matter) from cortical tubular cells was injected in quantities of 
1 gm. The sera obtained from the rabbits after each of the 3 courses of injections were then 
assayed for ability to produce proteinuria as described under Methods. 
Results  obtained by immunizing rabbits with various rat  tissues and  then 
assaying the rabbit sera for ability to produce proteinuria in normal rats, are 
summarized  in  Table  IV.  The  tabulation  shows  the  maximum  confirmed 
proteinuria produced by 1.5 ml. of any of the three sera obtained from each of 
the  immunized rabbits.  Each  rabbit is represented only once in  the  table in 
the highest appropriate category. It should be recalled that normal rats excreted JAMES  If. BAXTER  AND  HOWARD  C.  GOODMAN  477 
about  0.3  mg.--occasionally  up  to  0.7  mg.--of  protein  per  hour  in  the  urine. 
Any  result above  1  rag. per  hour  is considered  definitely abnormal.  The  second 
TABLE  IV 
Nephrotoxioity in Rats of Sera from Rabbits Immunized against Various Rat Tissues 
Rat tissue employed for immunization of 
rabbits 
(0.5  gin. 2 X  weekly for 3 t  too. periods) 
Whole kidney  7 
Whole cortex  4 
Glomeruli (impure)  19 
Cortex (glomeruli removed):~  3 




No. of  the  rabbits  with sera  producing 
proteinuria  of  various  magnitudes in rats 
>3 reg./hr. ] 1-5 reg./hr.  >  I mg./br,  No 
on single  on single  .on.2 daily  proteinuria 
on 3 daily  injection*  injection  mJec~tons  injections 
7  --  --  -- 
1  3  --  -- 
17  2  --  -- 
2  1  --  -- 
4  --  2  -- 
Saline extract of whole kidney (from  4  --  I  2  2  -- 
3 gm.) 
Particulate  matter  from  cortical  tu-  2  --  --  1  1 
bular cells 
Lung  4  1  2  1  -- 
Placenta  2  --  2  -- 
Liver  4  --  --  --  4 
Spleen  2  --  --  2 
Ovary  2  --  --  --  2 
Adrenal  2  --  --  --  2 
Serum  2  --  --  --  2 
Heart  2  --  --  2 
Heart  (1 gm.)  2  --  1  1  -- 
Skeletal muscle ( ....  )  2  --  --  --  2 
Intestine  ( ....  )§  2  --  --  1  1 
Brain  ( ....  ) §  2  --  --  --  2 
Liver stroma  2  --  --  1  1 
* Each injection consisted of 1.5 ml. of serum. 
:~ This preparation may have contained soluble material from glomeruli. 
§ These rabbits died after 1 or 2  immunization periods, and the sera were too toxic to be 
tested satisfactorily. 
column  from  the  fight  shows  rabbits  whose  serum  produced  abnormal  pro- 
teinuria  only  after  2  injections  of the  serum  on successive days.  This  indicates 
a  lower titer of nephrotoxic  antibodies  than  that  in serum  producing  proteinuria 
after  a  single  injection.  Rabbits  whose  serum  was  ineffective  in  causing  pro- 
teinuria  even  after  3  daily injections  are listed in the  last column  on the  right. 478  NEPHROTOXIC  SERUM  NEPHRITIS  IN  RATS.  I 
Not only was  nephrotoxic  serum  of high titer produced by injections  of 
whole kidney and impure glomeruli but also by cortical  tissue with glomeruli 
removed  (which may have contained antigen dissolved out of glomeruli) and 
by  uncontaminated medullary  tissue.  Saline-soluble  material  from  kidney 
tissue likewise induced the formation of nephrotoxic  sera.  Furthermore, as in 
the absorption  experiments  already discussed,  the immunization experiments 
indicated that the rat nephrotoxic  serum  antigen is  widely distributed not 
TABLE  V 
Summary 

















+  (++) 
+  (++) 











Red blood cells 
-4- 
-  (+) 
-  (q-) 
-  (-) 
-(-) 
-.(-) 








-  (+) 
±  (+) 
-  (-) 
-  (-) 
* The results in parentheses were obtained with 1  gm. quantities of  tissues, whereas the 
other results are based on the relative effectiveness of the tissues in quantities up to 0.5 gm. 
The ranking of tissues in order of effectiveness is only an approximation. 
only in kidney but also in tissues other than kidney. Of the tissues tested, lung 
appeared to be the most potent extrarenal source of the antigen. Both placenta 
and liver stroma were effective in producing nephrotoxic sera when injected in 
0.5  gm. quantities. Other organs  tested, including  heart, were ineffective  at 
this level. However,  when heart was used in 1.0 gin. quantities demonstrable 
nephrotoxic antibodies  resulted. Likewise intestine and muscle appeared  to be 
effective at the 1.0 gm. level. Our observations  on distribution of the nephro- 
toxic-serum  antigen in the rat, based on results  of both absorption  and im- 
munization studies, which are in good agreement,  are summarized in Table V. JAMES  H.  BAXTER  AND  HOWARD  C.  GOODMAN  479 
Stability of the Nephrotoxic Serum Antigen.--We have observed repeatedly 
that  kidney homogenate which has been incubated at 60  ° for 30 minutes is 
still  capable  of  absorbing  nephrotoxic  antibodies  from  serum.  However,  as 
already noted, when the kidney homogenate is heated to 100°C., it no longer 
is capable of inactivating nephrotoxic serum. Kidneys and other tissues have 
been kept frozen for long periods with no apparent loss of antigen activity. 
TABLE  VI 
Abs~pt~n by R~ K~ney ~  Nephrotox~  Ant~odies Pr~  by Injections~ Varw~ 
Rat Tissues 
Tissue  employed to 
produce  antiserum 
Kidney medulla 

















Antiserum  No. of 







Proteinuria  produced  by 
antiserum 









2nd day  3rd day 
r~g.lkr.  I  mt.ll~. 
10.6  9.6 
0.3  0.3 
6.9  5.5 
0.2  0.4 
6.7  10.5 
0.5  0.3 
2.0  1.0 
0.6  0.3 
2.0  2.0 
0.5  0.2 
* About 0.4 ml. of packed glomeruli were used.  This preparation was free of medullary 
tissue. 
A homogenate of 0.5 gm. of whole kidney was employed in each case. 
Specificity of Nephroto~ic Serum Antigen 
Identity of the Antigen in Various Rat Tissues.--It has been shown in pre- 
ceding sections that whole kidney, kidney medulla, lung, placenta, and various 
other rat tissues are able both to absorb and to induce the formation of anti- 
bodies nephrotoxic to the rat. Furthermore, as shown in Table VI, the nephro- 
toxic antibodies induced by injections of rat kidney medulla are effectively re- 
moved by absorption  against  rat  glomeruli.  Similarly,  the kidney-damaging 
antibodies induced by rat organs other than kidney are removed by absorption 
against  rat  kidney.  These observations indicate  that  the nephrotoxic serum 
antigen in various rat tissues is the same or closely related. 
Since the nephrotoxic serum antigen occurs in rat tissues other than kidney, 
it might be expected that serum nephrotoxic to the rat would produce damage 480  NEPHROTOXIC  SERUM  NEPHRITIS  IN  RATS.  I 
in these other organs containing the antigen as well as in kidney. According to 
our observations this does not occur,  whether  the nephrotoxic serum is pro- 
duced by injections of rat kidney or by injections of rat lung, placenta, heart 
or  liver stroma.  Although  the  immunized  rabbits  presumably develop  anti- 
bodies  against  many antigens  in  the  various  tissues,  we  have not  observed 
damage  in  organs  other  than  kidney  with  the  exception  of  acute  vascular 
congestion produced by certain of the antisera. 
TABLE VII 










Type of nephrotoxlc 
serum injected 
Anti-rat  kidney 
Anti-dog  " 
Anti-rat  kidney 
Anti-dog  " 
Anti-rat  kidney 





































1  After injection 
1st d~  2nd day  6th day 
reg.~hr,  reg.~hr,  mgJhr. 
7.0  6.2  4.0 
0.2  0.1  0.2 
0.3  0.3  0.3 
0.2  0.1  0.2 
5.0  4.9  2.2 
210  1~  1~ 
0.2  0.2  0.3 
0.1  0.1  0.2 
0.1  0.1  0.1 
0.2  0.4  0.6 
Only the figures in italics were thought to indicate an abnormal degree of proteinuria. 
* One dog died after only one postinjection urine collection. Another developed delayed 
proteinuria 2 weeks after injection, the significance of which was uncertain. 
~t Four other animals receiving this dose died within a few hours. 
Some of the antisera have produced acute symptoms resembling anaphylactic 
shock, as has been observed by previous investigators (2). These symptoms are 
similar to those described by Rothbard and Watson (30) following injections of 
anti-rat collagen serum. If these symptoms are the result of an antigen-antibody 
reaction as seems likely, the antigen involved is probably not the nephrotoxic 
serum antigen since many sera have been nephrotoxic without producing these 
other evidences of toxicity and some have produced symptoms of shock with- 
out nephrotoxicity. Very few sera have produced hemoglobinuria. 
Relationship of Nephrotoxic Serum Antigen of Rat to That of Other Species.- 
Kidney tissue and other tissues from the dog or rabbit (Tables I  and III) are JAMES  H.  BAXTER  AND  HOWARD  C.  GOODMAN  481 
not able to absorb antibodies nephrotoxic for the rat. Furthermore, as shown 
in Table VII, when dog kidney is injected into rabbits, antibodies nephrotoxic 
for the  dog  are  produced but  the  antibodies  are  without effect in  the  rat.  3 
Likewise, anti-rat kidney serum is ineffective in producing proteinuria in the 
dog or rabbit.  It should be pointed out in this connection that while rabbits 
immunized against rat or dog tissues develop circulating antibodies which are 
nephrotoxic respectively to  the  rat  or dog,  the  rabbits  receiving the  tissue 
injections do not themselves exhibit any evidence of renal damage. Thus the 
antigen responsible for the production of nephrotoxic serum nephritis, at least 
to a  considerable extent, appears to be species-specific. On the other hand, as 
indicated by data in the lower portion of Table I  and in Table VII, there ap- 
pears  to be a  cross-reaction between  the  nephrotoxic serum  antigens  of the 
rat  and  mouse.  It  is  interesting  that  Hill  and  Cruickshank  (21)  observed 
localization of labelled anti-rat  kidney globulin  in  the kidney of the mouse 
but not in that of other species. 
DISCUSSION 
In the present studies on the distribution in the rat kidney and other tissues 
of the antigen or antigens capable of stimulating the production of antibodies 
nephrotoxic for the rat, very similar results were obtained by the two methods 
employed for the identification of the antigen.  These results,  as summarized 
in Table V and elsewhere, indicate (a) that the nephrotoxic antigen is present 
not only in the glomeruli but also in other portions of the kidney including the 
medulla,  (b) that the antigen to some extent is soluble in saline, and (c)  that 
the antigen is present in many organs in addition to the kidney, though there 
appears  to be a  considerable  degree of organ specificity in  the  quantitative 
distribution of the antigen. 
Not all investigators have found nephrotoxic serum antigen throughout the 
kidney.  Solomon et  al.  (11)  found renal  tubular material  to be incapable of 
absorbing nephrotoxic antibodies from serum.  The details of the preparation 
of tubular material are not given.  If the blood vessels and  tubular  basement 
membranes were removed along with the glomeruli, or if the supernatant por- 
tion of the remaining material was discarded, a major portion of the antigen 
may have been lost. Greenspon and Krakower (14) also observed that nephro- 
toxic  serum  was  produced  by glomeruli  but  not  by  the  remaining  cortical 
material. 
Heymann et  al.  (12)  obtained nephrotoxic serum  of considerable potency 
8  It seemed  conceivable  that Forssman antigen in dog kidney might have been responsible 
for the rabbit antibodies that were nephrotoxic  for the dog but without effect in the rat which 
does not contain this antigen. However, the anti-dog kidney serum did not produce pro- 
teinuria in the guinea pig, which contains Forssman antigen, and it produced proteinuria in 
the dog even after absorption against sheep red blood cells. 482  NEPttROTOXIC  SERUM  NEPHRITIS  IN  RATS.  I 
from only 1 rabbit of 7 injected with rat renal medullary tissue.  Previously, 
Heymann and Lund (31) had observed some nephrotoxicity from 3 of 6 sera 
produced by treatment of rabbits with medullary tissue. These results probably 
differ only quantitatively from ours in which medullary tissue seemed to be a 
good source of antigen. 
Pressman  and  coworkers  (13) studied  the  localization  in  vivo  of  radio- 
iodinated globulin  from anti-mouse kidney serum  and  observed  what was 
considered to be a  specific accumulation in the glomeruli. One of the short- 
comings of this method of localization  of nephrotoxic  serum antigen results 
from the probability that there is little opportunity for the circulating  anti- 
body protein to localize except in the lining of blood vessels, and this in vivo 
localization may not indicate the full extent of the occurrence of nephrotoxic 
serum antigen in the tissues. When renal tissue is exposed in vitro  to kidney 
antibodies  labelled  with  fluorescein,  the  labelled  antibody  appears  in  the 
basement membranes and cytoplasm of tubules and in the media of vessels, as 
well as in the glomeruli (21). The distribution of antigen observed in the latter 
study appears  to be in accord  with our studies  on the nephrotoxic  antigen, 
though it cannot be assumed a priori that globulins which localize in the kid- 
ney are necessarily uephrotoxic. 
Our  observation  that the renal nephrotoxic  antigen is soluble in saline is 
contrary to that of Eisen and Pressman (15). It is clear from the details of 
preparation described in their report that the extract employed was not suf- 
ficiently  concentrated and did not represent  a  sufficient quantity of kidney 
tissue. Studies on the material extracted by saline are greatly facilitated in our 
experience by dialysis  and lyophilization of  the material so  that  relatively 
large  amounts can be  incorporated  in  small  volumes.  We  have  found the 
antigen to be less stable to heat than reported by Eisen and Pressman. 
The occurrence in tissues other than kidney of antigen capable of stimulating 
the  production of nephrotoxic  antibodies  or  of  absorbing  nephrotoxic  anti- 
bodies, has been observed  by a  number of investigators  in the past. Smadel 
(2)  produced mildly nephrotoxic  serum in one rabbit by injections  of brain. 
Both antilung (18) and antiplacenta (19) sera have been shown to be nephro- 
toxic. Strehler (20) reported nephrotoxic  serum following immunization with 
aorta. Smadel  (2)  found that nephrotoxic  antibodies  were absorbed  to some 
extent by liver  homogenate,  and Eisen and  Pressman  (15) made a  similar 
observation  on absorption of kidney localizing antibodies  by liver.  Labelled 
antilung serum has been observed by Pressman and Eisen (32) in vivo, and by 
Hill and Cruickshank (21) in vitro to localize specifically in the kidney as well 
as in the lung. Our observations of the occurrence of nephrotoxic serum antigen 
in lung, placenta and liver stroma are consistent with the results  cited above, 
and we would add heart, intestine, and skeletal  musele to the list of organs 
containing the antigen. We did not find aorta, brain, or whole liver to be good ~'~MI~S H.  BAXTER  AND  HOWARD  C.  GOODMAN"  483 
sources  of  nephrotoxic  serum  antigen,  and  we  would  not  expect  regularly 
positive results with these tissues unless employed in large amounts or perhaps 
under other favorable conditions as yet not clearly identified. Spar and Bale 
(22)  have  observed a  large  degree  of localization of I13~-labelled antikidney 
gamma globulin in ovary, adrenal, and spleen.  The amount of localization per 
gram of tissue in  these organs was greater  than in lung,  and in ovary and 
adrenal it was even greater than in kidney. The quantitative aspects of these 
results are not in accord with ours. Perhaps a large part of the localizing gamma 
globulin is not nephrotoxic antibody. Other factors discussed in a later report 
by these authors (33) may have influenced the results. 
Our results as well as those of other workers cited above indicate that lung 
and placenta are unique among organs other than kidney in that they appear 
to contain approximately as much nephrotoxic antigen as  the kidney itself. 
There  is  no  assurance  that  the  nephrotoxic  antigens in  kidney, lung,  and 
placenta are  identical; however,  tissue from each of these organs is able  to 
absorb  the  nephrotoxic  antibodies  from sera  produced by injections of  the 
others.  While nephrotoxic serum  antigen probably is present  largely in  the 
stroma of organs, we believe that there is a  considerable degree of variation 
from one organ to another in content of the antigen which is to some extent 
independent  of  total  content  of  blood  vessels  and  other  supporting  tissue 
present in the organs. Thus, results with liver stroma, aorta, and certain other 
organs rich in stroma were negative, or only weakly positive compared with 
kidney. It is possible that the content of the antigen in various tissues is related 
to a  specific anatomic component of the stroma which thus far has not been 
clearly defined. 
Because of  the  similarities between  the  experimental disease  of  the  type 
dealt with in the present study and human nephritis, investigators have been 
tempted to regard the former as a model of the latter. On the basis of disease 
in rats produced by rabbit anti-rat placenta serum, the possible role of anti- 
placenta antibodies in toxemia of pregnancy has been postulated (19).  While 
it may develop  that human nephritis has  certain  features in  common with 
the experimental disease, in pathogenesis as well as in form, it must be  re- 
membered  that  the  nephrotoxic  antibodies  of  the  experimental  disease  are 
produced in a second species. Schwentker and Comploier (34) and Cavelti and 
Cavelti (35) in attempts to elucidate the pathogenesis of human nephritis have 
suggested on the basis of experimental observations that streptococcal products 
might combine with,  or  alter,  renal  tissue  in  such a  way that  an  effective 
antigen is formed. These observations have lead to the hypothesis that anti- 
bodies are induced by this antigen which are then able to combine with altered 
or normal renal tissue in the same individual and produce nephritis. The ob- 
servations and conclusions of Kay (36) gave some support by analogy to this 
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that renal disease can be produced by injections of autogenous or homologous 
kidney (37, 38). 
It is evident that the nephrotoxic serum antigen is widely distributed among 
the various rat organs but that it is not shared by organs of the rabbit or dog. 
The question arises, should not the antigen be regarded as a  species  antigen 
rather than as an organ antigen? Probably it has been regarded as a  kidney 
antigen largely because of the relative ease with which damage is produced in 
the kidney by anti-organ sera,  and possibly also by the relative ease with 
which renal damage is detected. This propensity of the kidney for developing 
damage following injections of antiserum, whether the antibodies are induced 
by injections of kidney itself or certain other tissues, requires further study. 
The presence of a relatively high concentration of the antigen in the kidney and 
particularly in the glomeruli undoubtedly is a prerequisite for the occurrence 
of the  renal  damage. In  addition,  on the  basis  of evidence that  antigen is 
present in large amounts in the glomerular basement membranes (5) which are 
not covered by endothelium (39), it seems likely that the antigen in the kidney 
is exposed to circulating antibodies to a greater extent than that in most other 
organs. 
SU~£4~RY 
Studies  have  been  carried  out  to  determine  the  distribution  of  antigen 
capable of inducing the formation in rabbits of antibodies nephrotoxic for the 
rat. The results indicate that the antigen is present both in cortex and medulla 
of rat kidney. It can be extracted to a  limited extent with saline. It is non- 
dialyzable and destroyed by boiling. 
The nephrotoxic serum antigen is also present in rat lung and placenta, in 
amounts roughly comparable to that in kidney, and in a number of other rat 
organs in smaller amounts. These various tissues not only are capable of stimu- 
lating the production of nephrotoxic antibodies, but each tissue is also able 
to absorb the nephrotoxic antibodies induced by injections of other rat tissues. 
These  studies  indicate  that  the  nephrotoxic  serum  antigen  in  various  rat 
tissues is the same or closely related. 
The nephrotoxic serum antigen of the rat is distinct from that of the dog 
and the rabbit, but there appears to be a  cross-reaction between the nephro- 
toxic serum antigens of the rat and mouse. 
It is concluded that the nephrotoxic serum antigen is not a  specific  com- 
ponent of kidney; it is neither limited to kidney in its distribution within the 
rat, nor is the rat antigen present in kidney tissue of 2 other species  examined. 
Rather, it is probable that the antigen is to a  large extent specific  for tissue 
of a  given species.  The preponderance of renal injury following injections of 
the anti-organ sera presumably is due to the occurrence in the kidney of large 
amounts of the antigen in positions of physiological importance in which it is 
exposed directly to the circulating antibodies. JAMES If.  BAXTER AND HOWARD C.  GOODMAN  485 
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